The aim of this study was to evaluate the antimicrobial activity of the crude extract of the twigs of Dorstenia barteri (DBT) as well as that of four of the five flavonoids isolated from this extract. Gram-positive bacteria (six species), Gram-negative bacteria (12 species) and fungi (four species) were used. The agar disc diffusion test was used to determine the sensitivity of the tested samples while the well micro-dilution was used to determine the minimal inhibition concentrations (MIC) and the minimal microbicidal concentration (MMC) of the active samples. The results of the disc diffusion assay openUP (May 2008) showed that DBT, isobavachalcone (1), and kanzonol C (4) prevented the growth of all the 22 tested microbial species. Other compounds showed selective activity. The inhibitory activity of the most active compounds namely compounds 1 and 4 was noted on 86.4% of the tested microorganisms and that of 4-hydroxylonchocarpin (3) 
Introduction
The plants of the genus Dorstenia are traditionally used in African and South American folk medicine in the treatment of many illnesses such as snakebite, rheumatic, infectious diseases, arthritis ( [Bouquet, 1969] , [Adjanohoun et al., 1996] , [Abegaz et al., 2000] and [Kuete et al., 2007a] ). In Cameroon, the leaves and twigs of Dorstenia barteri Bureau are used as decoction in the treatment of mumps, yaws and infected wounds ([Thomas et al., 1989] , [Abegaz et al., 1998 ] and [Tsopmo et al., 1999] ). This genus is a rich source of flavonoids such as prenylated and geranylated chalcones, and coumarins ( [Abegaz et al., 2004] and [Ngameni et al., 2007] ). The antimicrobial potency of the above secondary metabolite classes has been demonstrated ( [Bruneton, 1999] and [Cowan, 1999] ). In our research group, many compounds with significant pharmacological effects have been isolated from the genus Dorstenia. Many Chalcones isolated from Dorstenia barteri namely isobavachalcone, paratocarpin C, stipulin, and dorsmannin A inhibited the openUP (May 2008) proliferation of the brain tumour derived U87 glioblastoma cells (Ngameni et al., 2007) .
Stipulin and other flavonoids isolated from the twigs of Dorstenia angusticornis
(gancaonin Q, angusticornin B, and bartericin A) were also found to be very active on bacteria and yeasts associated to human pathologies (Kuete et al., 2007a) . In our continuous herbal drug research program from medicinal plants from the genus Dorstenia, we undertook to evaluate the antimicrobial potency of the crude extracts from the twigs of Dorstenia barteri Bureau var. multiradiata as well as that of the compounds isolated from this extract against the wide range of microorganisms implicated in infectious diseases. 
Isolation and general procedures
The air-dried and powdered twigs of Dorstenia barteri Bureau var. multiradiata (1 kg) were macerated in either a mixture of CH 2 Cl 2 /MeOH (1:1) or in MeOH for 24 and 2 h, respectively, at room temperature. These two extracts were then combined. Removal of the solvent from the combined extracts under reduced pressure yielded 45 g of a dark green residue that constituted the crude extract. A mass of 40 g of this organic extract was submitted to flash liquid chromatography on silica gel 60 (220 g) and eluted with hexane-ethyl acetate gradients: (3:1), (1:1), (1:3), and finally with pure EtOAc to give 40 fractions of 250 ml each. These fractions were monitored by TLC and the fractions showing similar 1 H NMR spectra were combined. Fractions 1-20 (10 g), obtained with (3:1, v/v) hexane-EtOAc were subjected to column chromatography over silica gel using hexane-EtOAc as eluent with a continuous gradient (95:5 to 7:3, v/v), followed by gel filtration chromatography over Sephadex LH-20 using CHCl 3 -MeOH (2:1) as eluent.
The post-chlorophyll fractions were combined and purified successively on column openUP (May 2008) chromatography followed by preparative TLC to yield: isobavachalcone (1, 98 mg, MW: 324, mp: 171-172) (Abegaz et al., 1998) and stipulin (2, 20 mg, MW: 392, mp: 122-123) (Abegaz et al., 1998 
Antimicrobial assays

Culture media and microbial identification
Nutrient agar (NA) (Oxoid) containing bromocresol purple was used for the activation of Bacillus species ( [Marchal et al., 1985] and [Kuete et al., 2008] ), while NA was used for other bacteria. Sabouraud glucose agar (Oxoid) was used for the activation of the fungi.
The Mueller Hinton agar (MHA)(Oxoid) was used in sensitivity assay. Nutrient broth containing 0.05% phenol red and supplemented with 10% glucose (NBGP) was used for MIC and MMC determinations.
The identify of the tested microbial species was confirmed before use at our laboratory (LMP) by culturing on the specific media followed by biochemical test using automate microbiological system in identification (API system): 
. Preparation of discs
Whatmann filter paper (No.1) discs of 6 mm diameter were impregnated with 10 μl of the solution of crude extract (at 20 mg/ml) or isolated compound (at 5 mg/ml) prepared using DMSO. The discs were evaporated at 37 °C for 24 h. The RA discs (gentamycin for bacteria and nystatin for fungi) were prepared as described above using the appropriate concentrations to obtain discs containing 50 μg of drug. Two discs were prepared for each sample.
Diffusion test
The antimicrobial diffusion test was carried out as described by Berghe and Vlietinck (1991) using a cell suspension of about 1.5 × 10 6 CFU/ml obtained from a McFarland turbidity standard No. 0.5. The suspension was standardised by adjusting the optical density to 0.1 at 600 nm (SHIMADZU UV-120-01 spectrophotometer) (Tereschuk et al., 1997) . This was used to inoculate by flooding the surface of MHA plates. Excess liquid was air-dried under a sterile hood and the impregnated discs applied at equidistant points on top of the agar medium. A disc prepared with only the corresponding volume of DMSO was used as negative control. The plates were incubated at 37 °C for 24 h.
Antimicrobial activity was evaluated by measuring the diameter of the inhibition zone (IZ) around the disc. The assay was repeated twice and the results expressed using the following symbols: (−) for no activity and (+) for samples with IZ >6 mm.
MIC and MMC determination
The MICs of test samples and RA were determined as follows: the test sample was first of all dissolved in DMSO. The solution obtained was added to the NBGP to a final concentration of 156.3 μg/ml for the crude extracts and 39.1 μg/ml for the compounds and RA. This was serially diluted 2-fold to obtain concentration ranges of 1.2-156.3 μg/ml for the crude extracts and 0.08-39.1 μg/ml for the compounds and RA. One For the determination of the MMC, a portion of liquid (5 μl) from each well that showed no change in colour was plated on MHA and incubated at 37 °C for 24 h. The lowest concentration that yielded no growth after this sub-culturing was taken as the MMC.
Results and discussion
The structures of the isolated compounds were established using spectroscopic analysis, especially, NMR spectra in conjunction with 2D experiments, COSY, HMQC and HMBC, and direct comparison with published information and with authentic specimens obtained previously in our research group for some cases. The compounds isolated from the twigs of Dorstenia barteri Bureau (Fig. 1) were five flavonoids identified as isobavachalcone (1), stipulin (2), 4-hydroxylonchocarpin (3), kanzonol C (4) and amentoflavone (5). Compounds 1 to 4 belong to the sub-class of chlacones and compound 5 is a biflavone. The isolation of Stipulin from other species of Dorstenia namely Dorstenia angusticornis was reported in our previous study (Kuete et al., 2007a) .
The antimicrobial potency of Stipulin as well as that of many natural occurring chalcones, flavones and coumarins is well documented ( [Cowan, 1999] , [Kuete et al., 2007a] , [Kuete et al., 2007b] and [Kuete et al., 2008] ). In this study, the antibacterial and antifungal activities of the crude extract and compounds 1, 3, 4 and 5 were evaluated and the results are reported in Table 1 and Table 2 . Table 1 .
Antimicrobial activity a of the crude extracts, compounds isolated from the twigs of From the results of the disc diffusion assay (Table 1) , it appeared that the crude extracts from Dorstenia barteri Bureau (at 200 μg/disc), compounds 1 and 4 (at 50 μg/disc)
Dorstenia barteri Bureau and reference antibiotics determined by the disc diffusion test
Microorganisms
prevented the growth of all the 22 tested microbial species. Other compounds showed selective activity, their inhibition effects being noted on 17 (77.3%) and 11 (50%) of the 22 tested microorganisms respectively for compounds 3 and 5. Apart from compounds 1
and 4, no other tested compound was active on all the Gram-negative bacteria.
Compounds 1, 3 and 4 were active on all the Gram-positive bacteria and the four tested fungi ( Table 1) .
The MIC values ranged from 19.5 to 156.3 μg/ml (Table 2 ) the crude extract from Dorstenia barteri Bureau on all the tested microorganisms. The results of Table 2 also confirm the good activity of compounds 1, 3 and 4. However, at the tested MIC limit of 39.1 μg/ml, the inhibitory activity of compounds 1 and 4 was noted on 19 (86.4%) of the 22 tested microorganisms while that of compound 3 was observed on 16 (72.7%).
Regarding the degree of activity of the tested samples, the crude extract as well as the compounds isolated could mostly be considered as very potent. the cidal effects of the tested samples on many of the tested microorganisms could be expected (Carbonnelle et al., 1987) .
The results of this study indicate that this plant extract and some of its flavonoids could possibly be used as antibiotics but more in vivo experiments are necessary. The antimicrobial activity of the Dorstenia barteri Bureau may be due to the presence of both antibacterial and antifungal compounds.
Regarding the structure-activity relationship, compounds 1 and 4 are both active on all the tested microorganisms (Table 1) . Nevertheless, compound 1 (lowest MIC value of 0.6 μg/ml) have more pronounced activities that compound 4 (lowest MIC value of 4.9 μg/ml) on all the tested microbial cultures (Table 2 ). Therefore it appeared that addition of the second 3-isoprenyl group to compound 1 (to yield compound 4) significantly decreased the antimicrobial activity. The cyclisation of compound 1 (to give compound 3) also decreases significantly the antimicrobial activity as compound 3 is openUP (May 2008) active on 16 (72.7%) conversely to compound 1 that appeared to be active on 100% of the tested microorganisms (Table 2) . When looking at the activity of compounds 2 and 4
[reported in our previous study (Kuete et al., 2007a) ], it can also be concluded that the number and the position of the isoprenyl substituents significantly influence the antimicrobial activity of chalcones. Also, this paper demonstrates that the biflavone (compound 5) is less active than the tested chalcones (compound 1-4) .
To the best of our knowledge, the antibacterial and the anticandidal activities of Dorstenia barteri Bureau, as well as that of compounds 1, 3, 4 and 5 are being reported for the first time. Nevertheless, this study supports the antimicrobial traditional use of the species and of the genus Dorstenia. However, the good antimicrobial activity of the methanolic extract of Dorstenia angusticornis was previously demonstrated (Kuete et al., 2007a) . Also, Stipulin have been shown to be active on both Gram-positive and Gramnegative bacteria and Candida species (Kuete et al., 2007a) .
The known antimicrobial mechanisms associated to flavonoids may explain the antimicrobial potency of these compounds from the crude extract. The activity of flavonoids such as compounds might be due to their ability to complex with bacterial cell wall (Cowan, 1999) and therefore, inhibiting the microbial growth.
The present study provides an important basis for the use of extracts from Dorstenia barteri Bureau for the treatment of infections associated to the studied microorganisms.
The crude extract as well as the isolated compounds mostly compounds 1, 3 and 4 could possibly be useful for the development of new antimicrobial drugs, depending on their in vivo activity. However, pharmacological and toxicity studies currently going on in our laboratory will be necessary to confirm this hypothesis.
openUP (May 2008) 
